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(57) ABSTRACT

A surface inspecting apparatus comprises an 1mage achiev-
ing unit for achieving an 1mage of a surface of an object; and
a controller for providing the symmetry feature of the spot
or contaminant by using the magnitude of the intensity
oradient and the orientation of the intensity gradient for each
pixel of the achieved surface image to thereby detect a spot
or contaminant on the surface. The controller detects the
spot or contaminant by using a symmetry magnitude map
formed by the magnitude of the intensity gradient and the
orientation of the intensity gradient of each pixel, after
achieving the magnitude of the intensity gradient and the
orientation of the intensity gradient by using a gradient
operator on the achieved surface image, wherein the sym-
metry magnitude map provides the mternal symmetry fea-
ture of the spot or contaminant.

9 Claims, 4 Drawing Sheets
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SURFACE INSPECTING APPARATUS AND
METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a visual inspection tech-
nology using 1mage processing, and more particularly, to a
surface mspecting apparatus for detecting a spot or contami-
nant on a surface of an object, regardless of the intensity
oradient on the surface and pattern presence on the surface,
by taking the surface image of the object to use internal
symmetry feature of the spot or contaminant and a method
therefor. The present invention further relates to a computer-
readable recording medium for storing a program for imple-
menting the above method.

2. Description of the Prior Art

Conventionally, 1n order to detect a spot on a surface of
an object, there are several methods, such as a spot detecting
method using a binary quantization scheme for an input
image and another spot detecting method using,
sequentially, smoothing space filtering scheme where a
value of a reference pixel 1s given by an average of the
intensity value of the reference pixel and intensity values of
adjacent pixels around the reference pixel and space filtering
scheme exhibiting the difference between the intensity value
of the reference pixel and the intensity values of the adjacent
pixels around the reference pixel.

However, since the conventional spot detecting methods
as described above detect the spots based on the difference
between the itensity value of the reference pixel and the
intensity values of the adjacent pixels around the reference
pixels, they are applicable to the surface which has uniform
intensity thereon and has no pattern in the background
thereof. That 1s, the conventional methods can not be applied
when the intensity of the surface to be inspected 1s non-
uniform or there 1s pattern on the surface to be inspected.

SUMMARY OF THE INVENTION

It 1s, therefore, a primary object of the invention to
provide a surface mspecting apparatus for detecting a spot or
contaminant even 1f the surface has non-uniform intensity
thercon or 1t has pattern thereon, a method therefor and a
computer-readable recording medium for storing a program
for implementing the method.

That 1s, the object of the present invention is to provide a
surface 1nspecting apparatus capable of, differing from
detecting spots based on the difference between intensity
value of a reference pixel and the intensity values of the
adjacent pixels around the reference pixels, detecting a spot
or contaminant when the intensity of the surface to be
inspected 1s non-uniform or there 1s pattern on the surface to
be 1nspected by exhibiting the internal symmetry feature of
the spot or contaminant by using the magnitude of the
intensity gradient and the orientation of the intensity gradi-
ent of mput pixels of a surface image, a method therefor and
a computer-readable recording medium for storing the pro-
oram for realizing the method.

In accordance with one aspect of the present invention,
there 1s provided a surface inspecting apparatus comprising
an 1mage achieving unit for achieving an image of a surface
of an object; and a controller for providing the symmetry
feature of the spot or contaminant by using the magnitude of
the intensity gradient and the orientation of the intensity
oradient for each pixel of the achieved surface image to
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thereby detect a spot or contaminant on the surface, wherein
the controller detects the spot or contaminant by using a
symmetry magnitude map formed by the magnitude of the
intensity gradient and the orientation of the intensity gradi-
ent of each pixel, after achieving the magnitude of the
intensity gradient and the orientation of the intensity gradi-
ent by using a gradient operator on the achieved surface
image, wherein the symmetry magnitude map provides the
internal symmetry feature of the spot or contaminant.

In accordance with another aspect of the present
invention, there 1s provided a method for inspecting a
surface of an object, for use 1n a surface 1nspecting
apparatus, comprising the steps of: first achieving the mag-
nitude of the intensity gradient and the orientation of the
intensity gradient of each pixel in the 1mage of the surface
by using a gradient operator; second achieving a symmetry
magnitude map by using the magnitude of the intensity
oradient and the orientation of the intensity gradient of each
pixel, wherein the symmetry magnitude map exhibits the
internal symmetry feature of a spot or contaminant on the
surface; and detecting the spot or contaminant by using the
symmetry magnitude map.

In accordance with still another aspect of the present
invention, there 1s provided a computer-readable recording
medium for storing a program, the program implementing in
an apparatus having a large capability processor for inspect-
ing a surface of an object, first function for achieving the
magnitude of the intensity gradient and the orientation of the
intensity gradient for each pixel of the image of the surface
by using a gradient operator on the 1image; second function
for achieving symmetry magnitude map exhibiting symme-
try feature of a spot or contaminant by using the magnitude
of the mtensity gradient and the orientation of the intensity
oradient; and third function for detecting the spot or con-
taminant by using the symmetry magnitude map.

BRIEF DESCRIPITION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given 1in conjunction with the
accompanying drawings, in which:

FIG. 1 represents an embodiment of a surface inspecting
apparatus 1n accordance with the present invention;

FIG. 2 shows an overall flow chart for the embodiment of
the surface inspecting apparatus in accordance with the
present 1nvention;

FIG. 3 illustrate a detailed flow chart for an embodiment
of a procedure for achieving the magnitude of the intensity
oradient and the orientation of the intensity gradient of each
pixel 1n accordance with the present 1nvention;

FIG. 4 offers a detailed flow chart for an embodiment of
a procedure for achieving a symmetry magnitude map
representing symmetry feature of the spot or contaminant 1n
accordance with the present invention; and

FIG. 5 provides a diagram for explaining the symmetry
feature used to detect the spot or contaminant on a surface
of an 1nspected object.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Heremnafter, 1t will be described 1n detail for a preferred
embodiment of the invention with reference to the accom-
panying drawings.

FIG. 1 shows a structure diagram of an embodiment of a
surface inspecting apparatus of the present invention.
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The 1mnventive apparatus comprises a main controller 16,
a motor 12 for providing driving power, which 1s driven
under the control of the main controller 16, an X-Y table 11
using the driving power from the motor 12 for moving
position of an object to be mspected, an optical input unit 14
for achieving 2 dimensional image of the surface of the
object placed on the X-Y table 11, and an 1mage processor
15 for processing the 1image mput applied thereto through
the optical input unit 14 and for transferring the processed
image to the main controller 16. The main controller 16
detects the spot or contaminant on the surface of the object
by achieving a symmetry magnitude map.

The symmetry magnitude map exhibits the internal sym-
metry feature of the spot or contaminant and 1s formulated
by using two kind of information, the magnitude of the
intensity gradient and the orientation of the intensity gradi-
ent for each pixel of the surface 1image. The two kind of
information are achieved by using gradient operator on the
surface 1mage of the object.

Herein, the X-Y table 11 1s moved to mput the whole
surface 1mage with required resolution if the whole surface
image of the object can not be inputted as a single 1mage.
That 1s, the X-Y table 11 makes 1t possible to input the whole
surface 1mage of high resolution by inputting the several
images mto which the whole 1mage 1s divided by moving the
object 1n a first direction or 1n a second direction.

Next, the detailed operation of the above surface mspect-
ing apparatus will be described with reference to FIG. 2.

FIG. 2 1s an overall How chart of an embodiment of an
inventive surface inspecting method.

First, through the X-Y table 11, the optical input unit 14
and the 1mage processor 15, the surface 1mage of the object
1s mputted at step 21 to extract the two kind of information,
the magnitude of the intensity gradient and the orientation of
the 1ntensity gradient for each pixel, by using the gradient
operator at step 22.

And then, the symmetry magnitude map exhibiting the
internal symmetry feature of the spot or contaminant is
formulated by using the two kind of information at step 23.

At that time, since the spot or contaminant, typically
regardless of i1ts shape, shows highly symmetrical feature
compared to the background, the area where the symmetry
magnitude map achieved through the procedure as described
above shows high symmetry depicts the location including
the spot or contaminant. Accordingly, the presence of the
spot or contaminant 1s detected and outputted by using the
symmetry magnitude map as described above at step 24.

FIG. 3 1s the detailed flow chart of the embodiment of the

procedure for achieving the magnitude of the intensity
oradient and the orientation of the intensity gradient for each
pixel 1n accordance with the present invention.

First, for each pixel as a reference pixel, the magnitude of
the intensity gradient 1s achieved by producing root mean
square of the intensity difference value between the refer-
ence pixel and the side adjacent pixel nelghbormg the
reference pixel in x direction (x direction intensity difference
value) and the intensity difference value between the refer-
ence pixel and the upper or lower adjacent pixel neighboring
the reference pixel in y direction (y direction intensity
difference value) at step 31.

g™

Then, as representing the two 111t61151ty difference values
(x direction and y direction intensity difference values) as
two vectors 1n 2 dimensional space, orientation of a new
vector produced by multiplying the two vectors 1s taken as
the orientation of the intensity gradient at step 32.

10

15

20

25

30

35

40

45

50

55

60

65

4

The magnitude and the orientation of the mtensity gradi-
ent for each pixel achieved by the above procedure 1s used
as basic data measuring the symmetry magnitude around
cach pixel.

FIG. 4 1s the detailed flow chart of the embodiment for the
procedure at step 23 of achieving the symmetry magnitude
map of the spot or contaminant 1n accordance with the
present 1vention.

First, 1t 1s accumulated, for each reference pixel, symme-
try contribution of symmetry pair pixels located symmetri-
cally to the reference pixel within a certain area of maximum
size of the spot or contaminant to measure the symmetry
magnitude within the area around each reference pixel at
step 41. And then, the symmetry magnitude map 1s achieved
by mapping the symmetry magnitude of each reference pixel
in the 2 dimensional space(image coordinates) at step 42.

Thus, the symmetry magnitude map shows the presence
of the spot or contaminant by exhibiting the symmetry
feature of the spot or contaminant on the surface.

On the other hand, the symmetry contribution for each
symmetry pair pixel of the reference pixel 1s obtained as a
product of following 5 terms.

A first term acts as a distance weight function which has
smaller value as the distance between the reference pixel and
the symmetry pair pixel, 1.€., between the symmetry parir, 1s
farther while has larger value as the distance between the
reference pixel and the symmetry pair pixel is nearer. Eq. (1)
expresses an example of the first term.

1 lpi = pill
T T 22

V2o

(1)

Dﬂ'(f:- .)’) —

where p; and p; represent the plxel of the position (x;, y;) and
(x;, ¥;), respectively, and o~ is the size of the area within
whlch the symmetry contribution 1s accumulated.

A second term acts as a phase weight function which has
larger value as the orientations of the intensity gradient of
the two pixels in the symmetry pair are more opposite with
cach other while has smaller value as the orientations of the
intensity gradient of the two pixels in the symmetry pair are
more similar to each other. The second term has the maxi-
mum value when the orientations are exactly opposite with
cach other while the second term has 0 value when the
orientation are exactly identical to each other. Eq. (2)
represents an example of the second term.

(2)

where 0, and 6, are the orientations of the pixel p; and p,,
respectively, and o,; 1s the angle formulated by horizontal
line and a line between the pixel p; and p;.

A third term 1s a product of the magnitudes of the intensity
oradients of the two pixels in the symmetry pair.

A fourth term and a fifth term are terms to eliminate the
symmetry contribution due to the background pattern. The
fourth and fifth terms use the orientation of the intensity
oradient for each pixel.

The fourth term has A value 1f the orientations of the
intensity gradients of the two pixels 1n the symmetry pair
converge to each other while has —A value 1f the orientation
diverge from each other, wherein A i1s an arbitrary real
number.

The fifth term has o value if the orientations of the
intensity gradients of the two pixels in the symmetry pair
match while has p value if the orientations do not match,
wherein [>2a, o and p are arbitrary real numbers.

P(i,j)=|1-cos(6+6 j—zﬂﬁ)JX | 1-cos(0,+6 j)J
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As the orientations of the intensity gradients of the two
pixels 1n the symmetry pair are more symmetrical to each
other, the distance between the two pixels in the symmetry
pair 1s nearer and the magnitudes of the intensity gradients
of the two pixels in the symmetry pair are larger, the first,
second and third terms have larger values. Since the typical
spot or contaminant has high symmetry feature, that is, the
spot or contaminant shows high symmetry magnitude at the
internal points therein, 1t 1s possible to detect the spot or
contaminant by achieving such symmetrical points.

However, although 1t 1s possible to detect the spot or
contaminant by using only these three terms even if the
intensity of the background area varies, 1t 1s 1mpossible to
detect the spot or contaminant when there 1s pattern in the
background area because the symmetry contribution due to
the pattern 1s also accumulated.

Accordingly, the following fourth and fifth terms should
be used. In FIG. 5, the background patterns are aligned
pattern-by-pattern in the pattern arcas of the background
area (i.e., the image formed by 301 and 302). As regarding
on selected one of the pattern areas (e.g., the area corre-
sponding to 309 and 310), the orientation of the intensity
oradient for each pixel within the pattern diverges 310
outside within the pattern and the orientation of the intensity
oradient for each pixel within the adjacent pattern converges
309. Thus, the symmetry contribution due to each pair pixel
have signature opposite with each other by fourth term and
therefore 1s not accumulated. Accordingly, the pattern in the
background 1s not detected as the spot or contaminant.

In contrast, within the spot or contaminant arca 303 being,
darker than the background, the orientation of the intensity
oradient converges 305, 306 to internal to the spot or
contaminant. And within the spot or contaminant arca 304
being brighter than the background, the orientation of the
intensity gradient diverges 307, 308 to external to the spot or
contaminant. Consequently, the symmetry contribution 1is
continuously accumulated within the spot or contaminant
arca so that the spot or contaminant can be detected.

As described above, the symmetry contribution 1s pro-
duced by multiplying all the 5 terms. Thus, 1t 1s possible to
detect the spot or contaminant by using that symmetry
contribution value regardless of the intensity gradient and
the pattern of the background.

Therefore, the present 1invention has effect to detect the
spot or contaminant on the surface when the intensity of the
surface of the ispected object 1s non-uniform or has the
pattern in its background.

And the present invention can be applied to more variable
objects than the conventional methods, which has capability
to performs the surface visual ispection for some assem-
blies such as a liquid crystal display (LCD) and a back light
unit emitting at rear of the LCD.

While the present invention has been described with
respect to certain preferred embodiments only, other modi-
fications and variations may be made without departing from
the spirit and scope of the present invention as set forth in
the following claims.

What 1s claimed 1s:

1. An apparatus for inspecting a surface of an object,
comprising:

image obtaining means for obtaining an 1mage of the

surface of the object; and

controlling means for providing a symmetry feature of a
spot or contaminant by using a magnitude of an inten-
sity gradient and an orientation of the intensity gradient
for each pixel of the obtained surface 1mage to thereby
detect the spot or contaminant on the surface, wherein
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the controlling means obtains the magnitude of the
intensity gradient by taking root mean square of the
intensity difference value between a reference pixel and
a side adjacent pixel neighboring the reference pixel to
obtain a first vector and the intensity difference value
between the reference pixel and an upper or lower
adjacent pixel neighboring the reference pixel to obtain
a second vector and then obtains the orientation of the
intensity gradient by taking orientation of a new vector
produced by multiplying said two vectors representing
two 1ntensity difference values 1in two dimension,
respectively.

2. The apparatus of claim 1, wherein the controlling
means detects the spot or contaminant by using a symmetry
magnitude map formed by the magnitude of the intensity
cgradient and the orientation of the intensity gradient of each
pixel, after obtaining the magnitude of the intensity gradient
and the orientation of the intensity gradient by using a
oradient operator on the obtained surface image, wherein the
symmetry magnitude map provides the internal symmetry
feature of the spot or contaminant.

3. The apparatus of claim 2, wherein the controlling
means obtains the symmetry magnitude map by accumulat-
ing symmetry contribution of each symmetry pair pixel for
a reference pixel, each symmetry pair pixel and the reference
pixel bemng included 1n each symmetry pair for the reference
pixel, to measure the symmetry magnitude and mapping the
symmetry magnitude for each pixel in 1mage coordinates.

4. The apparatus of claim 3, wherein the symmetry
contribution is obtained by multiplying a distance weighting
function, phase weighting function, the product of the mag-
nitudes of the intensity gradients of the two pixels 1n the
symmetry pair, a first value representing whether orienta-
fions of the intensity gradients of the two pixels in the
symmetry pair are converged to each other or diverged from
cach other, and a second value representing whether orien-
tations of the intensity gradients of the two pixels in the
symmetry pair are matched with each other or are different
from each other.

5. The apparatus of claim 1, wherein the 1mage obtaining,
means includes:

power providing means for providing driving power
under the control of the controlling means;

moving means driven by the power providing means for
moving the object thereon;

input means for mputting the 1mage of the surface of the
object placed on the moving means; and

image processing means for pre-processing the image
from the 1mnput means.

6. A method for inspecting a surface of an object, for use

in a surface inspecting apparatus, comprising the steps of:

a) obtaining a magnitude of an intensity gradient and an
orientation of the intensity gradient of each pixel in an
image of the surface by using a gradient operator;

b) obtaining a symmetry magnitude map by using the
magnitude of the intensity gradient and the orientation
of the intensity gradient of each pixel, wherein the
symmetry magnitude map exhibits the mnternal symme-
try feature of a spot or contaminant on the surface; and

c¢) detecting the spot or contaminant by using the sym-
metry magnitude map,

wherein said step a) includes the steps of:
a-1) inputting the image of the surface of the object;
a-2) obtaining the magnitude of the intensity gradient
by taking root mean square of the first intensity
difference value between a reference pixel and a side
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adjacent pixel neighboring the reference pixel to
obtain a first vector and the second intensity differ-
ence value between the reference pixel and an upper
or lower adjacent pixel; neighboring the reference
pixel to obtain a second vector and
a-3) obtaining the orientation of the intensity gradient
by taking orientation of a new vector produced by
multiplying said two vectors, each representing the
first 1ntensity difference value and the second inten-
sity difference value, respectively.
7. The method of claim 6, wherein said step b) includes
the steps of:

b-1) measuring the symmetry magnitude in the area
around the reference pixel by accumulating symmetry
contribution of each symmetry pair pixel located sym-
metrically to the reference pixel within the area of
maximum size of the spot or contaminant, each sym-
metry pair pixel and the reference pixel being included
a symmetry pair; and

b-2) obtaining the symmetry magnitude map by mapping
the symmetry magnitude of each reference pixel ito
image coordinates.

8. The method of claim 7, wheremn the symmetry contri-
bution 1s obtained by multiplying a distance weighting
function, phase weighting function, the product of the mag-
nitudes of the intensity gradients of the two pixels in the
symmetry pair, a first value representing whether orienta-
fions of the intensity gradients of the two pixels 1 the
symmetry pair are converged to each other or diverged from
cach other, and a second value representing whether orien-
tations of the intensity gradients of the two pixels in the
symmetry pair are matched with each other or are different
from each other.
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9. A computer-readable recording medium for storing a

program implementing a method for mspecting a surface of
an object 1n an apparatus having a large capability processor
the method comprising the steps of:

a) obtaining a magnitude of an intensity gradient and an
orientation of an intensity gradient for each pixel of an
image of the surface by using a gradient operator on the
1mage;

b) obtaining symmetry magnitude map exhibiting sym-
metry feature of a spot or contaminant by using the
magnitude of the intensity gradient and the orientation
of the intensity gradient; and

c) detecting the spot or contaminant by using the sym-
metry magnitude map,

wherein said step a) includes the steps of:
a-1) inputting the image of the surface of the object;

a-2) obtaining the magnitude of the intensity gradient by
taking root mean square of the first intensity difference
value between a reference pixel and a side adjacent
pixel neighboring the reference pixel to obtain a first
vector and the second intensity difference value
between the reference pixel and an upper or lower
adjacent pixel; neighboring the reference pixel to
obtain a second vector and
a-3) obtaining the orientation of the intensity gradient

by taking orientation of a new vector produced by
multiplying said two vectors, each representing the
first 1ntensity difference value and the second inten-
sity difference value, respectively.
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